Effects of fiber vs starch energy supplements on endogenous growth hormone (GH), insulin-like growth factor (IGF-1) and animal performance from weaning to breeding age were evaluated in 18, 9-mo-old beef heifers. Heifers had ad libitum access to wheat silage plus an average daily supplement intake of 1) 4.08 kg corn-soybean meal (SBM) (high energy-starch, HS), 2) 4.54 kg soyhulls (SH)-SBM (high energy-fiber, HF) or 3) 1.36 kg SH-SBM (low energy-fiber, LE). Serum samples were collected via jugular puncture every 10 d and were analyzed for IGF-1 by RIA. On d 45 and d 176, four heifers per treatment were fasted 18 h and serial blood samples .collected via jugular cannulas every 15 rain for 6.5 h. Arginine (.5 g/kg BW) was administered intravenously (ARG) to induce release of GH, and four additional samples of blood were collected. Samples were analyzed by RIA for GH. Mean fasted GH (6.4 -+ .4, 8.3 -+ .4 and 13.8 + .4 ng/ml, for HS, HF and LE, respectively) varied with energy source and level (P < .01). Mean GH following ARG was higher (P'< .01) in heifers receiving LE (46.2 + 4.7) than in those receiving HS and HF (23.5 + 4.4 and 24.1 + 4.6 ng/ml). Basal GH concentration and peak amplitude were higher (P < .05) in LE than in HS and HF treatments. Diet did not influence number or frequency of GH peaks. Mean IGF-1 values were similar for HS and HF heifers (P > .05) but were lower for LE heifers (P < .01). The LE heifers had lower (P < .05) ADG, backfat and ribeye area. We conclude that fiber supplements may overcome the depression in GH associated with grain feeding of heifers.
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Received January 19, 1988 . Accepted May 13, 1988 of age and maximize lifetime productivity. However, rapid growth may increase fat accretion and decrease lifetime milk production (Crichton et al., 1960; Swanson, 1960; Little and Kay, 1979; Sejrsen et al., 1983) . In grain-fed heifers a decrease in serum growth hormone (GH) was associated with increased body fat and decreased mammary tissue development (Sejrsen et al., 1983; Johnsson and Hart, 1985) , whereas increased concentrations of GH promoted protein accretion (Eisemann et al., 1986) . Insulin-like growth factor 1 (IGF-1), which mediates some GH activity, was associated with increased cartilage and muscle growth in nonruminants (Phillips et al., 1978; Florini, 1980, 1981; Etherton and Kensinger, 1984) . In ruminants, studies of the role of 2916 J. Anim. Sci. 66:2916-2923 IGF-1 in postnatal growth are limited. LundLarson et al. (1977) reported that faster growing bulls had higher serum IGF-1 concentrations than slower growing bulls. More recently, Breier et al. (1986) found that serum IGF-1 was increased in steers on high and moderate planes of nutrition compared with steers on lower planes. This study was designed to examine effects of energy source (high starch vs high fiber) and level (high vs low) on growth, body composition and serum GH and IGF-1 concentrations in beef heifers.
Materials and Methods
Eighteen 9-mo-old Angus and Polled Hereford heifers weighing an average of 212 kg were randomly assigned within breed to three treatment groups. Heifers were housed in outdoor lots and were fed once daily. Heifers were fed high energy-starch (HS), high energy-fiber (HF) or low energy (LE) diets as described in Table  1 . Average daily intake of concentrate was either 1) 4.08 kg corn-soybean meal (HS), 2) 4.54 kg soyhulls-soybean meal (HF) or 3) 1.36 kg soyhulls-soybean meal (LE). Daily intakes of DM (kg/d) and calculated ME (Mcal ME/d) for the HS, HF and LE diets were 6. 80, 18.84; 7.56, 17.16; and 4.53, 10 .17, respectively. One heifer from the LE group was removed due to extreme weight loss.
On d 43 and d 174, four heifers from each treatment were fitted with indwelling jugular cannulas. Following an 18-h fast, serial blood samples were collected every 15 min for 6.5 h. Arginine (.5 gARG/kg BW; Elsasser et al., 1986) was administered intravenously to induce release of GH, and four additional samples of blood were collected. Serum was prepared and samples were stored at -20~ until analyzed for GH as described by Sartin et al. (1985) .
Heifers were weighed monthly. Blood samples were collected every 10 d via jugular puncture. Serum samples were stored at --20~ until analyzed by RIA for IGF-1. (Greenwood et al., 1963) . Iodinated IGF-1 was recovered using a Sephadex G-50 column (.9 • 25 cm) equilibrated with IGF-1 RIA buffer (200 mg/1 protamine SO4; .02% NaN3; 30 mM NaPO4; .05% Tween-20; 10 mM EDTA) at pH 7.5. The talc-resin-trichloracetic acid test (Tower et al., 1980) for stability was conducted. More than 98% of the Ir hlGF-1 adsorbed to talc; less than 16% bound to resin, and greater than 98% precipated in 10% trichloracetic acid. Serum IGF-1 was measured using rabbit antisomatomedin C/IGF-1 serum 6 at a 1:4,200 dilution in RIA buffer. A 1:10 final concentration of sheep anti-rabbit anti-guinea pig serum was used as second antibody. Standard curves consisted of tubes containing 2.5 to 400 pg IGF-1. Standards were not acidified prior to assay.
Serum was diluted 1:20 with RIA buffer, acidified in .2 M glycylglycine hydrochloride 7 in a 1:40 final dilution and incubated 24 h at 22~
Fifty microliters of acidified serum and 350 /~1 of rabbit anti-IGF-1 serum were added to polystyrene tubes. After a 1-h equilibration period at 22~ 100 /al of Ir hlGF-1 (10,000 cpm) was added. Tubes were incubated for 48 h at 4~
after which 50 /~1 of second antibody was added. Assay tubes were incubated for 1 h, 25 /al of 1:200 normal rabbit serum was added, and tubes were incubated another hour. Bound and free hormone were separated by centrifugation for 30 rain at 3,000 • g. The supernatant fluid was decanted and tubes were wiped dry and counted for 5 min. Nonspecific binding was typically 1%; specific binding averaged 56%. Sensitivity of the assay was 15 pg/ tube. Interassay and intraassay coefficients of variability based on measurements of repeated pools of bovine serum in five assays were 4.8% and 3.5%, respectively.
In order to determine the ability of the glycylgiycine extraction to free IGF-1 from its binding proteins and to prevent further interference by these proteins, representative bovine serum samples were subjected to Sephadex G75 (Pharmacia) chromatography (bed volume = 180 ml) under acid conditions (.5 M acetic, pH = 3.6). Elution fractions were analyzed by RIA and binding capacity assay as described by McCusker et al. (1988) . The glycylglycine extracts contained 89% of IGF-1 measured in serum analyzed by gel chromatography, indicating that the extraction procedure provided a reasonable estimate of the IGF-1 present.
Parallelism was determined by comparing different volumes (10 to 100 ~tl of 1:40 dilution) of bovine serum in constant volume of acidified buffer (Figure 1) . Recovery of added 1GF-1 mass was determined by adding Ir hlGF-1 (0 to 90 ng/ml) to RIA buffer and serum (1:40 dilution). Recovery of added mass was typically 96%. Assay crossreactivity was determined using various concentrations (100 to 50,000 pg) of bovine GH, insulin and prolactin. No significant crossreactivity was detected.
At the conclusion of the trial, heifers were slaughtered and carcass data were collected. Carcasses were chilled overnight. Backfat was measured over the M. longissimus, three quarters of the distance from the medial to lateral edge of the muscle at the 12th and 13th rib separation. Area of the M. longissimus was calculated using a counting grid. Percentage of kidney-pelvic-heart fat (KPH) and hot and chilled carcass weights (ttCW, CCW) were recorded and USDA Quality and Yield Grades (USDA, 1975) were assigned by University of Georgia personnel.
Mean GH and IGF-1 concentrations were analyzed by repeated measures ANOVA; leastsquares means were generated by the GLM procedure of SAS (1985) . The GH model in- Basal GH concentration, GH peak amplitude, peak number and peak frequency were calculated using the PULSAR program as described in Merriam and Wachter (1982) . Data then were analyzed by least squares ANOVA of SAS (1985). The ADG and carcass data were analyzed by least squares ANOVA that included initial weight as a covariate for ADG and final live weight as a covariate for carcass measurements. Least squares means were generated by the GLM procedure (SAS, 1985) .
Results
Heifers fed high energy diets (HS and HF) had greater (P < .05) ADG than those fed LE (Table 2) ; however, there was no difference in growth and carcass composition between HS and HF groups. Compared with the LE group, HS and HF heifers were fatter, as indicated by greater (P < .05) backfat, percentage KPH fat and yield grade ( Table 2 ). HS and HF heifers also were more heavily muscled, as indicated by the larger (P < ,05) ribeye area. Dressing percentage and quality grade were greater (P < .05) in HS and HF heifers than in LE females (Table 2) .
Heifers fed LE had greater (P < .01) mean serum GH concentrations than either HS or HF heifers (Table 3) . Within the high energy treatments, heifers fed the HF diet had greater (P < .01) GH concentrations than heifers fed the HS diet (Table 3) . Growth hormone concentrations were not affected by day of sampling. The LE heifers also had a greater (P < .01) capacity to release GH in response to ARG than HS and HF females (Figure 2 ). Mean response of GH to ARG was 23.5 + 4.4, 24.1 -+ 4.6 and 46.2 -+ 4.7 ng/ml for HS, HF and LE groups, respectively. Basal GH concentration and peak amplitude were higher (P < .05) in LE than in HS and HF treatments (Table 3) . The number and frequency of GH peaks detected during the 6.5-h period was not influenced by dietary treatment (P > .05).
Mean serum IGF-1 concentrations were lower (P < .01) in heifers fed the LE diet and were similar between HS and HF females (Figure 3) . Values for HS, HF and LE females were 92.6 + 3.9, 92.2 + .3 and 63.3 -+ 4.3 ng/ml, respectively. The IGF-1 concentrations of HS and HF heifers remained greater (P < .01) than those of LE throughout the trial (Figure 4 ).
Discussion
Replacement heifer management practices that involve feeding large amounts of grain increase body fat and decrease normal mammary tissue development and lifetime milk production (Swanson, 1960; Sejrsen et al., 1983) . Swanson (1960) and Little and Kay (1979) found that rapidly grown dairy heifers produced less milk in first and subsequent lactations. Likewise, Johnsson and Obst (1984) bHS, high energy-starch; HF, high energy-fiber LE, low energy-fiber.
C'dMeans with different superscripts in the same line differ (P < .05).
epercentage kidney, pelvic and heart fat.
fHigh Prime = 14, average Prime = 13, low Prime = 12, high Choice = 11, average Choice = 10, low Choice = 9, high Good = 8, low Good = 7, high Standard = 6, average Standard = 5, low Standard = 4, high Utility = 3, average Utility = 2, low Utility = 1. aMeans are from four heifers pooled from both collection periods.
bHS, high energy-starch; HF, high energy-fiber; LE, low energy-fiber.
c'd'eMeans with different superscripts in the same line differ (P < .01 ).
f'gMeans with different superscripts in the same line differ (P < .05).
reported that rapidly grown beef heifers had reduced milk yield over three lactations. Sjersen (1978) , Sjersen et al. (1982 Sjersen et al. ( , 1983 , Johnsson and Hart (1985) and Johnson et al. (1985) linked the effect of nutrition to mammary tissue development in the heifer and ewe to GH. They reported that high grain diets suppressed GH concentrations and likewise decreased normal mammary tissue development. The effects of energy source (starch vs fiber) as well as energy level on animal growth and serum GH and IGF were evaluated in this study. When forage is supplemented with grain, fiber digestibility is depressed, resulting in a lower observed nutrient utilization than would be predicted. Boggs and Okotie-Eboh (1985) and Highfill et al. (1987) demonstrated the ability of high fiber energy sources such as soyhulls to overcome this negative associative effect on nutrient digestibility encountered when grain and forage are blended into a complete radon. Even though the calculated energy content of the diets indicate a higher energy intake on HS than on HF, it is apparent that both HS and HF provided similar daily ME intakes, as evidenced by the lack of difference in ADG and carcass composition between the high energy groups.
In our study low energy intake resulted in greater mean and basal GH concentrations, higher GH peak amplitude and greater capacity to release GH in response to ARG. These observations are consistent with the higher GH concentrations observed by Sejrsen et al. (1983) and in cattle and sheep fed low energy diets. The GH secretory patterns in HS and HF heifers were similar in that basal GH concentrations as well as the number of GH peaks did not differ. Peak amplitude tended to be higher in the HF group; however, this difference was not significant. Therefore, the higher mean GH observed in HF-vs HS- treated heifers is not readily explained. High fill et al. (1987) reported that high fiber energy supplements such as soyhulls resulted in a higher proportion of acetate to propionate produced in the rumen compared with high starch supplements. Others (McAtee and Trenkle, 1971 and Sartin et al., 1985) have reported that i.v. infusions of energy substrates such as acetate, propionate and glucose had no effect on serum GH. However, extended periods of nutritional deficit, such as fasting, elevated GH concentrations in sheep and cattle (Hart et al., 1978; Driver and Forbes, 1981) . Therefore, the chronic elevation of acetate, which would be expected with the HF diet, may affect GH concentrations more than acute i.v. infusions of energy substrates.
Growth hormone has been associated with leaner, faster growing, more heavily muscled animals. Dodson et al. (1983) found that rams selected for rate and efficiency of gain had greater mean GH concentrations. Verde and Trenkle (1987) found higher GH concentrations in large-framed (Simmental-cross) than in smallframed (Angus-cross) steers. Exogenous GH increased N retention and energy retained as protein in beef heifers (Eisemann et al., 1986) . Exogenous GH also decreased fat deposition in lambs (Muir et al., 1983) . Likewise, in the current study, the elevated GH concentration in LE females was associated with reduced s.c. fat (backfat), internal fat (KPH) and a lower yield grade. The HS and HF heifers were faster growing and had a larger ribeye area than LE females. Thus, the elevated GH in the LE heifers was not consistent with the increased growth rate normally associated with GH. Elevated GH in LE heifers reflects that the diet was suboptimal for growth; this is supported by the apparent uncoupling of GH and IGF-1 concentrations. The increased GH concentration in the LE heifers appears to serve the metabolic function of energy mobilization from adipose tissue, as discussed by Bauman and Currie (1980) . Insulin-like growth factor 1 has been linked to expression of the growth-promoting action of GH. Nutritional status is a major factor controlling IGF-1 concentration and activity. This study revealed that energy level (high vs low) had a profound effect on serum IGF-1 concentrations in the beef heifers. The severely depressed concentration of IGF-1 associated with the LE treatment was consistent with the findings of Breier et al. (1986) . In the rat and human, various dietary components such as CP, fat and carbohydrate content, as well as dietary energy level, influence IGF-1 activity (Prewitt et al., 1982; Isley et al., 1983) . Maes et al. (1983 Maes et al. ( , 1984a suggested a possible regulatory mechanism for altering circulating IGF-1 concentrations nutritionally. Adequate protein and energy intake was essential for normal liver somatogenic binding sites. Malnourished rats exhibited reduced BW, plasma IGF-1 and liver GH-binding capacity. In our study, dietary energy level had a greater influence than energy source on serum IGF-1 concentrations. This finding is in agreement with lsley et al. (1984) , who found that energy level had a greater effect on IGF-1 concentrations than other dietary components.
The inverse relationship between GH and IGF-1 concenrations in the LE treatment group reflects the impact of nutrition on growth in the ruminant. The decreased growth rate of LE heifers in the presence of elevated GH presumably reflects insensitivity of the liver to GH as mediated by IGF-1 (Breier et al., 1986) . Sufficient energy intake to maintain normal IGF-1 concentrations is essential for expression of the growth-promoting effects of GH.
The biological significance of the greater mean GH concentrations on growth and mammary development in HF vs HS heifers has yet to be determined. High fiber energy supplements provided adequate energy to maintain elevated IGF-1 concentrations while at least partially overcoming the depression in GH associated with high grain diets.
